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(54) Blomedlcai materials 

(57) The present invention provides a biomedical 
material comprising a sharioderived collagen; a bio- 
medical material conprising a sharic-<lerived oofiagen 
and hydraxyapatite; and mettiods for preparing the 
sama Since the biomedca] materials of the invention 
comprise a sharic-derivad collagen which ie Imv 01 anti- 
genicity and high in bioco n p a lMty, they do not cause 
rejection and they produce alfects of good acBiesion to 
organisms and easy remodeling when they are used as 
artifidaJ skin, artificial tendon, artificial bone, surgical 
suture or the (Ika They also have an effect that they do 
not leave a prominent scar when the wound has been 
cured. Further, the btomecfoai materials of the invention 
are excellent in mecharicsd slrangthL Thus, when used 
as artificial sWa they are hard to tear, good Ibr tightly 
adhering and capable of fbllowing the movement of a 
joint weiL 
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DdscflpUon 

1. BACKGROUND OF THg INVghmnM 

1 .1 . Raid of the Inventkm 

The prB^^^xuffm^on relates to kMomedical materiaJs comprisihg an extract Iran Chondrichthyes. More spedBcally. 
the present invention relates id biomedical materials usino Chondrichthye&<iefived coaagen which me ^icable as 
vanous implant materials such as a wound cover, artifictal skin, artificial bone, artificial carttage and artificial tendon, 
as wea as methods for preparing such biomedical nvtterials. 

1 .2. Description of the Prior Art 

When a bone defect has complkated due to some lesion such as an ir*^^ 
ing of the defect may be therapeuticalty necessary. Alsa when skin has been damaged by some inw such as a tarn, 
especially when a part of the sfdn has been tost in full-ttiickness or afarvst fufl-thickness. fining may be necessary. 

Conventionafly. when fiBng abone defect an autologous bone graft taken from other part of the patient body such 
as the iflium or ttie faxila has been used if the defect is not so big. When f ailng a big bone defect in the skeletal system, 
an artificial bone has been prepared using a ceranw of metals such as titanium, alumi 
a ceramic such as apatite and a conposite material of ttiese substances to ttwreby supplement tiie defect 

When ftlOng a skin defect a non-bioabsort>able or bioabsortsable, sheet-type wound cover or artificial skin has been 
used. The term Vwund ooveT used herein means a materiai which merely covers the site of skin defect physically, and 
the term -artiridal skin* used heren means a sUjstitute sWn which has 

As a non-bidabsorbabie tiHn sheet-type wound cover, a tttin, elastic, synthetic polymer sheet made ffom poly- 
urelhane, sOiooneorthe fike may be given. As an bioabsorbable wound cover, freeze^jried porcine cwium. a sheet 
made of chitin. coilagea alginic add and tiie Bee are Known, tn addition to ttiesa sheet-type wound covers, powder of a 
cellulose derivative is also known whk:h is applied to tfie injured site to fomn a sheet ttier eon. As artificial skin, one com- 
posed of cell-frBe materials and a aitured skan which is obtained by twinSmenttonally oiluring human epUemnal cells 
are known. As a material tor the tormer artificial skin, spongy coOagen is known. 

Those materials used tor tiie above-n^ 
positive fun^onsand yet tofit compatibly witti organisms O-a. to havebiocompatibiiity). BioconpatibiGty can be roughly 
divided bito histocoripaiUity and btood compafibifity. When a matermi of low bkxnnpatOaiCty is embedded in or con- 
tacted Witt! an organism, components eiuted from ttie material or worn out pieces of the material separated from its sur- 
face penetrate into ttie tissue sunouncfing ttie material or spread in ttte organism through btood cffculation to cause a 
systemic tissue reaction, which results in various problems such as necrosis of a tissua On ttie ottier hand, from ttie 
viewpoint of material itself, the abovennentioned materials are required not to detertorate upon contact witti organisms 
and to maintain far a specific pertod of time physical and chemical pnyarfaft thaf ^ ^ H^f ^p iy a rwgt Airi fkmcfen 

Furttier.ttiese n«terials should not dHtergreafly to mechankaJ properties 
ttiey are to be jointed, tn ottier wads, ttiese materials need to have mechanical bkxompatibility This is to prevent ttie 
occunence of incompatible distortion or'strees oonc«itration on or near ttie junction whk:h may cause breakage or 
abnomiality at ttie junction and ttius make it impossflsle tor ttie jointed material to manifest ttie function of interest 

These materials are furttier required to be capable of perfect sterilization and disinfection and to be capable of 
standing these treatinents. 

However, conventional materials described above have been pointed out to tave several problems. Fdr oample. 
since metals are extremely high in strengtti, they are indispensable as a substitute skeleCon which effects bfafunctions. 
However, when a metal is «ed to fining a bone detect an organism does not recognize 
and. ttius. a problem wBI occur to a long-temfi usa Bren If ttie metal has been coated witti a cer^ 
compatible witti ttie organism, ttiere s a drawback ttiat ttie ceramic wiH be shed from ttie metal during ttie oouse off use. 
Thus, ttiis techraque has not been put to practical use. 

Conagen is mainly used in wound oovers and artifidai skin and such coOagen is derived from bovtoe. It Is toiown 
ttiat bovtoe-derived collagen has ant^enidty. Thus, it is necessary to carry out a special treatment or use fetal collagen 
wittiout antigervdty. 

There are btood groi^ to human blood and miyorhistooonpatlDintya^ It is weO known 

ttiat a ttansfi4Sfan of blood not matching ttie btood groip of a patient induces rejection tt«t may eventually Wn ttie 
patient As such btood groups, ttie ABO system, ttie Rh system, ttie fi system, ttie P system, ttie MN system and ottier 
Wood groups are toiown. Accordingly, when a blood transtosion. bone marrow ttansplantation. organ transplantation 
from a living donor, or tissue transplantation from a living donor is to be periomied, selection of a donor compatible witti 
ttie pattern to blood group is very critical for maWng ttie ttansfusion or transplantation successfu 
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find out a oonnpletoty rraleliB^ 

Such a proUein i s ateo anoountared similarly in Inplam matsrials %¥«ch ara usad to ba irrptortad In a tissua suc- 
cassfuilyafarraganaiatingatiBsuaw'forotharpurposas.lharafc^ lha casa whara ttia usa of an organism- 

darivad material ii ««pact8d to produca dasiratta result 
s the problam or reaction mtha time erf tate or regenefation of tha tissua 
fcialdgvica embedded or transpiantad into lha body fbr medical purpoaas. 

Further, the bovinedarivad collagen descrftMd above has a problem that it is tfrghtly weak in mechanical strength 
when shap^iftt) a sheet or fta and easy to break when used in a nanow VM 
bone or arttfidal sloa it has a problem of fiag% in addf&on 

10 

g OBJECTS AND SUMMAWV QP TUg IMVPMTinM 

Towart the solution of ihe problems described above, the inventors of the present invention have made intensive 
and extensive researches from a phyiogenelic viewpoint As a result it has been confimied through a phylogenetic 
IS study that the blood group stistances and the histocompatibirity antigens descried above came into existence at a 
specific stage of the evolutional procesa Then, the ffivertors have actually made tissue transplantation experiments 
using those animals representing various evolutional stages and examined whether rejection for the transplanted jrafl 
occurs or not As a result it has been found that transplantation of an extract from a tissue of Chondrichthyes or a tissue 
Itself of Chondrichthyes woiid not cause such rejection and that the extract tirom thm are stronger. Thus, the present 
20 invention has been achieved. 

The present invention relates to biomedical materials conprising an extract or an extirpated piece fifom a tissue of 
Chondrichthyes. Specifically, the exHact may be collagen and the extiipated piece may be skia nvscular tissue or car- 
tilaga The biomedical materials of the invention may further oonprisa hydrcxyapatita The biomecfical materials of tiie 
invention may futher comprise one or more compounds selected from the groip consisting of hyaluronic add. chon- 
25 droitin sdtste, amino adds and nueieic adds. 

The present invention also relates to a mettiod for producing the biomedical materials described above comprising 
shaping an extract from a tissue of Chondrichthyes into a sheet f9m or yam. 

The present Invention further relataa to a method tor producing the tiiomedical materials described atxsve compris- 
ing mixing an odract torn a tissua of Chondrichthyes and hydroxyapatite and sintering tiia mbdure at a low temperature. 

30 

a. DETAILED DESCRIPTION QFTHg tNVgl^QN 

As tfie Chondridittiyes to be used tor obtaining an extract or extirpated piece for preparsig ttie biomedical materials 
of the inventioa fishes belonging to Haanobranchn which indudesa nunter of sharis. rays, and slates are preferaWa 

55 Among all. sharics are most preferaUa Spec^ examples of sharics include dog shari^ spotted shari^ dochizame and 
nekozama Specific ocan^es of rays are stingray and sawfish. 

Specifically, ttie extract obtained from time Chondriditfiyes is oofe 
in every multicellular anmL Collagen is found most abundantiy in mammala amounting to 25% of the total protein. To 
date, seven geneticaDy distinguishable collagen a chains have been knovwi, and type I. type It type II. type IV and type 

40 V coOagens ara knowa Collagen may beobtained by extracting from vartoustissuea For exairpla when detracting od- 
iagen from such as skin, tendon or ligament extraction is performed witti add and ttie extract is desalted to obtain a 
liquid cdlagen. When collagen is extracted from bone or ebu dentis. such a material cnjshed and deaidfied witti 
EOTA (ettiytenediaminetatraace tic add). The resultant insduble ooUagen is suspended fi a buffer and desalted by a 
combination of. for exampla, heating treatment and enzyme digestion to thereby obtain a liquU coOagea Hereinafter. 

46 the cdlagen tfius obtained trom sharic is called a sharinierived cdlagen and the cdlagen ttus obtained from rays is 
called a ray<Serived collagen. 

Specfficalty. the extirpated piece from these Chondrichthyes is sWn. muscular or cartilage tissua Any piece of the 
skin tissue extirpated from ttie Chondrichthtes* body may be enployed in the present invention, preferably ttie sWn tis- 
sues from dormm to abdomen, because a targe piece of the tissue is obtained. Skm con^xned of epidermis, coriun, 

so and tera subcuianea. and tera subcutanea is preferably enpkayed from the view pdnt of transplantation techniques and 
postoperative oontrd for patienta Hereinafter, tera subcutanea Is deTned as the fforous tda of which i^sper face con- 
nected to corium witti reticule sferucturei in which rough connective tissue and/or musde tissue, and oonneded to fosda 
through ite lower faca 

Any piece of the musde tissue extirpated from ttie Chondrichthtes* body may be enptoyed in ttie present invention. 
55 preferably ttie skin tissues from dorsum to alddomen. because a large piece of the tissue is otstained. 

The sWn or musde tissue obtained finom Chondrichttites is washed witti an large amount of sterifized safina and is 
immesed it into ttie saline containing antibiotics before use. Any generation or land of antibiotics may be employed in 
the present invention when it is for injection. Specific exanples of such antib'otics are Shfomaria Sireptomycm. Cefb- 
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tanma, CMxamm, Cofmmsdma, and Cgispmzoro. 
The cartHage obtainod fw^ 

unm. m Ihe vww poim d the dze of axtirpatad to 
The axlrad or axftpated piaca ffon 
5 stance or maja lu^^ antJflen (l.e.. no aniigentcHy) in the extract (coUagen) or the extfipated piece (sMh or 

wee collagen apreeait^^ 

is ea^bepwified, andcoUagen canbeateoob^ 

^ biomedical materials of the invention include wound covers, artificial sMn. arlifidal bone, 
to artifiaalearttage.artrfical tendon and ewgicalsuturei 
A wjound cover Is a thin shert^ika material wW^ 
vent infe<*ons and to nhibit the evaporation of moisttf e from the inside to thereby prevent dehydratioa Wbund covers 
are dassifWrougWy Into 

absoftes effusna while the shape of a non-bioabsorbaUe one remans unchanged permanently^ 

IS ^rtifiaalsWn is used for a severe sWn defect of second, or tW^ 

cia^edinto«MO^es: one which is oonpoeed of hunu« dermal cea free mrteriais and the other one ca^ 
skin* wWch is obtained by two^mensfananyaAuring human dw^ cells. The wound cover arxl/or artificial sidn of the 
present invention may be produced by mixing collagen extracted from Chondrichthtes and other materials. Specific 
examples of the materials are chitin. chitosan and other suitable polymers. When the wound cover and/or artffidal skin 

zo is produced from ooOagen and other materials, it may be shaped into vartous Ibnn such as a flat mentnane a 
spongy layer to use dstinctively depending on conditions or sites of damages. Altematively. the skin tissues are extir- 
pated from the shark, and the epidernfe is removed by a sand paper with suitable r^ 
ganic add to remove the rojgh connective tissue to obtain artir«^ 

are HQ and hypochkmta Since the biomedical materials of the invention conprise Chondrwhthyes^ierived coOagen 

2S having no antigenicity, when they are used as an bioabsorbaUe wound cover or the ftjmier type atakaal sWn. they have 

advantages that successful take or implantation can be acrteved and that a scar win n^ 
has been cured. 

Arttfidal bone is a material which mainly effects as a substitute ibr bone the fUncttons of toad support toad transfer 
and shape maintenance among the ftAidions of bona Bone tissue plays two roles: one is to constnjct and maintain a 

30 bodyMureandtheotherlstoslDrBcateiumlncakrfummelabd^ 

being dvded mto osterobtasts producing osteoid and osterodasts resorbmg osteokL As a resuft of the functtons of 
these two type s of ceMe , fermathsn and resorption caUed "Vemodelllng' is always effected in bona 

Osteoid is conposed of oflganic components amounting to 20% in the total weight and Inorganic components 
amou nting to 8 0% of the total weight l^inety percent of ttiese organic convui e nt b is typo I collagen and the m^or inor- 

55 ganic oonponent is hydroxyapatitaAcooRfingly. it is preferred that a higl^bioc^ 

of collagen and hydroxyapatita Further, since bone has the ftinetiiMifi of ihartei ^Yi^^ i^^"*"^. ^ flcftocwhaH 

abova artificial bone should have a sufftoient sfrength to stand such toada to addr^ 

the body to use tor a tong pertod of tima it is necessary to use a cdtegen with no antigenk^^ 

Hydroxyapatila repressed by the tomula Ca,o(PO JjCOfflj Is one of the representath« calcium phosphate coram- 

40 ics and Is tiiemejoroonstituentntineral to bone and teeth. 

Hydroxyapatite istite major component in those minerals constituting teeth and bone and excellent to bioconpati- 
bility witti tissuea Hydrox yapatite has been already commercialized as a bone filer and a bone-repladng irateriai. 
Although sintered hydroxyapatite is superior to bone to compression sfrengtti and bending strengttt Although the com- 
presslon strength, bendtog strength. Young's modtius. etc. of a sintered hydroxyapatite vary depending on the treal- 

46 memcondiflonagenerally.veryhighvatoe8ofabout900kg^cni*toconp^^ 

bending strength are cbtatoed. However, it has a disadvantage of bemg weak agatost inpact 

Hydroxyapatite may be eyntiiesized. far eampla by ttie w« method to which calc^ 
reacted tn an ac^ieous sototion at 1 00 or below; by ttie dry metfKxi to which caldum and phosphoric add are reacted 
on a solid phase at a high temperature arotnd 1 0OO-C to air or under a steam atmosphere; and by ttie hydrottiermal 

so metiiod iri which ttie synttieds Is perfomied using an aqueous solution reaction at a high tenperature aider a high 
pressure to an autoclave. Symhedzed hydroxyapatite may be vartoudy shaped ustog a metal mold, nibber or ttie fike. 
As a biomaterial . hydroxyapatite may taka ttie farm of a tight materiat gramte. powder or a porous materiat 

The biome^ral materials of ttie invention oomprise hydroxyapatite and a collagen derived from Chondrichttiyos 
having no antigenicity, to oider to oonfer strengtfi on an artifidd bona hydroxyapatite and collagen need to be sintered. 

ss However, stoce ooOagen does not remam under standard sintering concfitions (around 1 000*C). it is necessary to sinter 
tfiem at a low temperature as descrtoed later. The artificial bone of ttie Invention dntered at a tow tenperature has suf- 
fident strengtti to toad supporting, eta and it does not cause inflammation or ttie Gka even if ft has been eotedded for 
a long time dnce it has no antigenicity. Artificial cartilage is a s&tetitute tor cartilage which is a support organ conposed 
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ofe«titag«teaiaC«tt^ 
am. walls of BJbuto organs such a« the rB^^^ 

amotmls to 50^0% and Qlycosamiiwolycans such as hyalw^ 
ThahydrmyapattMollaaanconpoafterf 

tarm. sheet fenn « porous tenn fran Ihe viwipoint of shaping and 
poiwJer i8t« partculaiV 8n)i« as long as a ain^ 

*t^r^^'.^^ " ntooraaleis or less. As a hydnxyapalita monomer, such as APASERAMU Cftom 
Asahi Chsmeal Industry) may be givan. 

TheartiHeialcartilageofthain»Biiik)npref^^ 

chon*oitoi ajltoa. Mrious nucWe adds and varioua amino acidg; In addltan to ttw eolagan and hydroxyapatte 
dascrfead abowok 

AsftearMidalcarlflagaofthepfe8ertinwenlton.the a xarp B i ^ 
env^. and the synftatic ones by sintering hydroxiapafito and 

IS anmpia. when ftesKtiipated is used, the spinal column is axtitpated from Ch o ii ^ 

or pararellepipedon by using the hmie, or a column by using a trepHne. AltenBthrely.the artificial cartilage is produced 
by using coHagea hydrojdapatitft and lheabownentlonBdol h Brcanxinentasdescrfeedielow.Specific exanples of the 
ottier components are hyaluronic add, chondroitin suiUs, nucleic acids, and anwo at nr tt When the artTicial cvtilage 
of the present invention containB at least one confjonent desotoed abova. its bioconvatibility and kiUcity are bottt 

20 tmpTOvod. 

Hyaluronic acid is one of glycosaninogiycans made up of repetitive disacctaride units of O- p -(Vglucureno- 
syl(l-*3)4g^cetyl-0-glycosanfwiyl(l-*4). Hyaluronic acid has a propvty of bindoig to a large quantity of water to form 

a gel and Ifius Is necessary to allow ioims to move srnoolhlyi The tvaluro^ 
merdal hyaluronic add. 

25 Chondroitfn sulfata is one of glyoosaminoglycanB distrbuted h cartaage and other connective tissues of animals \n 
general, and supports the elasticity and tensile strength of the tissues. InaddffiontoachondroiiinsulfateconprlsjngO- 
0 -O-glucuronosyKi-^ 3)-N-acetyl-0-gaIactosamine-4-sultBte units, one having a sultate gmuf} at position 6 of N-ecetyl- 
galactosamine: one comprising N-acatylgalactosamine^.&dteuifata: one oonpridng glucuronic acid-2(or 3)-6ullBte: 
and the Gke may be used. 

30 term -nudeic add- used herein means single- or double-strart 

either drcUar or linear, and their lengths are not particularly Gmitad. 

The temi -amino adds- include, ax msmm to essential amino adds, anwioadlpicadd. anmnocaproic add, ethylg- 
lydne. methylvaline. ornithine and other modified amino adds, and those an^ adds which are not contained In onfl- 

nary proteins. VVIIh respert to these nudeic adds and ainino adds, oommew^ 
3S be used. 

If one or more of these components are contained, it is preferable in pr^nrlng an tftffldal bone, artffi^ 
or chanter which Is excdiert in tensfle strength and elaslldt^ The te^ 
cutti^e vessel made of artifidal cartilage and artifidal bone h ^ 

whidi has an action of allowing a tissue to be bloavaflable. Eadi of the c on p onm iU, enumerated above is most appn>- 
40 priate for the preparation of a highly bioconpatUe artifidai hone (^artifidal cartilage when contained at a ratio of about 

5-10% relative to the weight of the hydnsDcyapatite used. 

When the artfidal sidn or surgical suture of the invention oonpif^ Chondrichthyes^erived collagen is prepared. 

itisprefan-edthatsuchbiomedcal materials be inrpregnated with antMcrabialagen^ 

conponents descrtoed abova By allowino them to contain those agenis^ 
45 cari be obtained. As antmcrobial agents, any conventional anHnvaobial agents may used freely. Spedficaily. sutta-type 

antimicrabial agents such as silver sUfadiazine. zinc sulfadiazine and cerium suibdazine: amnoglycodde type antimi- 
crobial agents such as gentamydn sutfate. streptomycin suNate and fradlomydh suMe; penidllln type antibiotics such 

as ampidinn and sodium methidlfin: and the Gke may be used. 

In the preparation of the wound cover and/or artSdaJ sKin of the invention, amulure of Chondrichthyes-derived cd- 
so tegen and other components may be shaped Into a flat mentoane or a spongy la^^ 

the above collagen may be laid i4)on another laye containing other conponente. As other oonponents. pdysaocha- 

rides such as chitin and dtitosan; polymer materials such as polyureto 

When the skin tissue of Chondrfchlhles is used as the wound cover or artTidal sWn of the present inventioa the 

epidermis is removed from the extirpated tissue to freat wHh an add to mate spongy rough connective tissue, as 
ss desatoedabova Altemaiively. the wound cover andtor artifidai^ 

example, chitin, chitosan, and polyuretfiana 

The wound cover andtor artifidai sWn of the inverition is pl^ 
invention is for tightly adhering to the site of viround Even when applied 
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invBntnnsuridenlhrf^ <rf the joint Whon appfiadloaiwundw^ the 

arttidal sWn of Iht ira^ntion has an ad«i^ 
moistura parmaabWir to SQcured without ramar^^ 
nate batweentha wounded sda andthaaitfidaJ ddn. 

The wound cover or artificial sMn of the invention oon^prising Chor^chthyes-derived collagen is prepared, for 
example, as de6aft)ed below. 

Coflageng extr acted and pu rified frpffi fins of a sh^ 
a solution, which is ap propiately mixBd with desired c u i nju i emB as described above ml diluted Than, the resuftent 

solution is transfened to a vessel of an appropriate size and freezsHiried to ob^ 
tNs sponge is not particulariy fimited lis sire is prefer^ 

or2x1 cm. in vfowof easiness In handOng and storage. Its thickness is preferably 1mm or lest When the thidgiess 
is about 0.5 mm. the wound cover or artificiai sWn appfied to a movable pcr^ 
tage that rt adheres to the site dosely and follows the movement of the joint weU. 

The wound cover a arlifidal sWn of the presort invention Conpri 
dnchthtes is prepared, for examplei as described belOML 

The sto tissue with rough connective tissue is extirpated fi^ 
with a cutting tool wch as a saw. Then, the hard epidermis of the extirpated tissue is removed by using the sand paper 
with suitable Na or the teiife. The resultant tissue is treated with an inorganic add such as hypochloride in suitable con- 
centration t o farm t he spongy layer for the wound cover and/or artificial sWn. The sire or thickness of tfiis sponge is not 
particulariy fimited. Its size is preferabiy 1 0 x 10 cm or less, more preferably about 5xScm.5x2cmor2x1cm.in 
view of easiness in handfing and storage. Its ttudaiess is preferably 1 mm or less. When ttie thictoess is about 0.5 mm. 

the wound cover or artificial skin appGed to a movable pwtion of ttie body su:h as a 
adheres to ttie site dosely and follows the movemert of the jdnt weO. 

It is also possUe to prepare a surgicai suture by preparing fiber fran the collar 
the fiber. Altematlvely the f faer In the form of monofiiairant may be used as a surgical sutura 

The ftoer prepared from the collagen may be braided or woven into a ribbon and used as an artificial ligament or 
tendon. The thidviess of the tto» to be prepared may be appropriately decided depending on its use and is not partic- 
ulariy Qmited. If theffoer Is for use as an artildal ligament or tendon, bundles of fiber 100 |jm of less^ preferably about 
60 )un in thickness are braided to prepare a braide. 

The wound OQver or artifieial skin of the preeert invention comprising the tend^ 
Chondrichthtes is prepared, for exampla as described betow. 

In the prepara tion for the artificial tendon, for eoample, the tendon The sWn is extvpated from the basal part of fin 
of Chondricfithte^ for eoample. with the cutting tool such as ttie saw. Then, the extirpated tissue is removed by using 
the sand paper with suitable ^kx or the knrfa The resuftart tissue is shaped i^ 

to use the artificial tendon. In tiie preparatfon for the artTidal musde, the ^wrftrpatftd musde tissue is simflariy treated. 
When the size larger than 2 X 5 cm causes troubles for appHcation into the iarga* woun^ 

2 x5 cm or less. When ttie artificial tendon or musde is applied on ttie wourd site, they may be shaped into suitable 
size or form by using the cutting tod such as the totifei 

Once appOed. the thus prepared artifictai skto. artiTcial figament and artiTnal tendon become rapidly united wfth tis- 
sues of the patient and do not leave a prominent scar because C ho nd richU iyes-derlved cdlagea the major component 
of these biomedicat materials, is low in arrtigenidty. 

In the preparation of an artifictai bone or artificial cartilage, ttie above-mentioned collagen solution is mixed witti ttie 
hydroxyapafite descrfoed above at a desired mixing ratio and ttien sintered at the low tenperature witti high pressure 
described above. The concentration of the collagen solution described tbam is about 1 to 5 %(wAr), prefierably about 

2 %. The partlde size d hydroDcyapatite fe about some |im or less, and Apaseram described 
used. 

ThecoOagensoUitfon 

0.5 to 1 M of phosphate solution to obtain collagen-phosphato solution. Caldum hydroodde solution is prepared to mix 
witti ttie collagen-phosphate solution to obtain ttie aqueous solution, and then ttie solution s mixed witti hy«taxyapatite 
to tomfi predpHate. The mixing ratio (wAr) of the above coOagen solution to ttie ultrafine hydraxyapatite powdw is pref- 
erably from 0.1 :9.9 to 2.0:8.0. When ttiis ratio is 1.0.*9.0. ttie material achieves an effect that conpresdon strengtti and 
bending strength are high and yet fragility is smafl. 

TTiewater contents in ttie prec^itata fdnned is reduced witti a suitable device, tor example^ a lyophlDzer, and ttien 
is padod into a siitafafo wear to obtain the artifidal bone by sintering. The 

high pressure witti tow temperature in ttie presence of water. Specifically, ttie sintering process is performed at several 
thousands atoms witti ttie temperature between about 35 to about 45 *C in ttie presence of water for several hours to 
a dozen hours. Preferably, ttiis sintering is done at 2.000 atoms, about 40»C , for about 8 hours. When ttie artifidal bone 
is pnxf uced under such conditions, it has large strengtti wittiout any denatwation of collagen. 



6 



EP0M267OA1 



arn^a mold i« Wat • irtxftw of »• al»>^^ 
uttrenlgh pressure at a Im tmpereture in the prasanea of water. 

Su* a tirtiiMdmaterW may !)• e* 
«ely 8a^c« depen*^ on the 8«e of appfl 

bone defect a rectanoutar paiBllepiped or a eJie abou 4 X 3 X 3 em, 3 X 2 X 2 an. 1 X 1 X 1 cn^ 
1 x1 x0.3emnssaiapreparad. 
^AttamaB^^ 

compwofte such as amro aekte. hyakjionic add. (*ondr^ 
W*en the aodiipatod spinal cohimn is i«ad the coluim i» 
by using the loiifB or trepMna to obtain the artificial cartitaoe of tt^ The sloped carHaga then 

*fl^ in the large amount of steriized salina The sae Of Ihe cart^ 
of implant technique and good laMniB of the graft after taoplanMfon. 

When the thus prepared piece is embedded in a sfte of bone defect a good adhesion to the oroanisni is acN^^ 
and tha piaca raadily undeigoas ramodaKng bacausa such artificial bona is lovir in anSganicit/ like the arlinciaJ stei 
dascrbad above. Consequently, the time required for the errtedded bone to be reabsoited and replaced with the 
newly farmed. oq^nism<ienved bone and cartilage connective tissue is short Since ttia entedded bone s thus 
replaced with the organisnhderived bone and cartilage connective tissue, the artSldal bone or the Ito of the invention 
has an advantage that It does not cause necrosis of the per^sheial tissusL 
20 Fuiitfier; tiie artificnl sMn. tandon. bona cartaaga or bona of the invantion conprising a shark-derived collagen can 
be stenfaed after shaping wHh ratfati^ 

these viflwpointB alsa the materiala of the owention are suilabia as biomedical materials. 
Spedfkally. the biomedical materials. wWch conprisvig collagen derived from Ghondrichthtea. of the present 
invention may be stored In saline for about 6 month at about -GO *C 
25 Accordingly, many sheets of the biomedical materials of tha present invention m required urgentfy. the invention 
may respond to such requirements. 
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PREFERRED EMBODIMENTS OF THE INVEf^N 

Herainbetoii^ the presert Invention w« be describe Examples, 
which are not mtanded to Smft ttie scope of the present inventioa 

EXAMPUE1 



35 Rejection in Qnafting using Shark denma 

One nakname 60 cm in body length and three dochizamees 1 GO cm in body length were used. Tha shari« were 
anesthetized by adding p-antinobenzoic add to ttie sea water in wh«:h tt^ 

ppm. A piece ol the do rsal sWn 2 x2 cm togettier wHh plaookl scales was extiipated from each sharic The extirpated 
40 piece from ttie netozame was grafted to one dochizame. and ttta extirpated piece from tttis dochlzame was tiian grafted 

to tfie netezame. Also, allografting was peritormed between tt» two rema^ 

was used. A piece of sWn 2 X 2 cm together wtth plaeold scales was aidk^ 

descrbed above and tills piece was relumed to the operation sfte. 

In botti hetarottiaftl„g and allografting, each skin ^aft was implanted successflifly In two weeks after tiie operation 
45 without caus wg rejectio a Three montt» thereafter, rejyafting was perfbrmed between the two dochizamees which had 

undergone allografting. TWs re-grafting was successful wHhout any particular problem. 

The i^an Idw... tiie nekozame and ttie area surounding it were completely covered witti piacoid scales of ttte reci> 

tentdochizama The results are shown in Table 1. 



labial 



lype of Grafting 


Graft 


Recipient 


Presence or Absence of 
R^'ection 


Successful Irrplantation 
Ratio (%) 


Heterografting 


SMn from dochizame 


Nekozame 


Nona 


100 


Allografting 


Skin from dochizame 


Dottiizame 


None 


100 
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8lqn « not causa rejertoa Fufttwmiowt ne»«r 



obsanred 



EXAMPLE 2 



Raiaction in TnnsplaniBtion using Shaik Musda 



BomonaoflhadocNxamaasusadinExairpla 1. a pieca musda 5 x 5 x a nw »wd axfirpatad. On the othar 
hand, a porton of |<<;«i^« «iin>^ from tte doreal musda and the femoral musde^ raspartvaly. of a frofl 
[Xenopus ; body weight: 30 g) and the SDdirpated piece Ihjm the dodizame was transplanted to the resultant vacancy. 

^toreJectIonorneaT>slswasobsan«d24hou«,48houIs.96ho«.Udaysand2^»nlhsal^erthetranspl^ 

tion. 

Since su* rejacdcn or irtflammation results from the ifrvofvement of blood groi^ substances and his t oo ompa tibffity 
antigens, it has been shown that these substances and antigens are not present in sharte. 

EXAMPLES 



nejection of the Shark-Derived Collagen 



A spongy sheet lyophilized from the collagen soUon obtained from the group consisting of fresh sWn, cartilages, 
by using conventionai memod. and fins was grafted on the dorsal nusde of dogs (adult: maia; 30 kg). 

The sheet was extirpated 24 houis. 48 hours. 96 hours, 14 days and 3 months after the operation and observed 
htstopathologically. As a result no inf iammalion was induced. 

From the above, ft has become dear that collagen derived from sharte. GKb fetal proteins, does not manifest anti- 
genicity even when administered to a heterologous animal In other words* it has been suggested that no blood group 
substance or the Ike Is present collagen derived flrom sharlo. 



EXAMPUE4 



Preparation of an Artifnal Bone 



The collagen concentration in the coflagen solution obtained in Exanple 3 was adjusted to 2%, Five hundred mil- 
llCtars of the resultant collagen solution was dHuted to 8 liters and mixed wRh 0.6 mole of phosphoric add to thereby 
prepare a nixed solutkxi of collagen arid phosphoric add. 

One mole of caldum carbonate (CaCOg) was kept at 900^3 in air for 10 hours. The thus termed caWum owfe 
(CaO) was cnjshed in a mortar to obtain fha powder. whk:h was mixed with 3 liters of water to produce an aqueous 
cakaum hydroxrie (Ca(0H)2) sokitton. This aqueous CatQHfe solution was agitated vigorously and the coBagen-phos- 
phoric add mixad solution obtained above was added th^eto slowly at room tenperatura and thereby to prepare an 
aqueous suspension. The mixing rat» of collagen to hydnoocyapatite was 1 :10. 

The precipitate kwmed was fatered and freeze-dried at -20«C unta the moistire content of the predpitate became 
suitable lor sirterlng. Then, this predpitaie was fflled into a metal cont^ 
wekfing the fid Thereafter, the container was kept undft- 200 I^Pa at 40^: tor 8 hours. 

A piece of artWdal bone 22 mm In diamrter arid 50 mm in length was 1^^ 
apparem density of 1.75 mgM a Vbungrs rnodUus of 2 GPa and a conpresdon strength 

EXAMPUE5 



Entoedding of the Artificial Bone Into an Animal 



A hde was made In one of the rte of a large aduft dog (Gemian shephenfc nale: body wei^ 
fidal bone obtained in Example 5 was implanted into the hole. 

Two months after this operation, the portnn of bone inplanted was removed arri examined for inflanwnati 
thostateofassOTflatioaAsarasultnoinflammaiionwasobsenredanditwa^ artificial bone inplanted 

was functtoned to osteoanagenize as the dog^ bona 
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ExanplaS 

linplantation d ttui bxISRobA sidn 

- ^ «trpated tiww was wmowd with ft» knaiThe wwtfno tisaw «w» ■wneroad in saftw 

asfteartHoalsttiotlhapfesaminwrttontDth^ 

grans ara oosafvaa as the same as done in Exairfpto X 
AsareaAwWbii^ 

to IhehM^ AKemativeiy. ttie apidennE of the rat Inf UnitBs into the inside of the thR ttam the par4)hery. 

Rnally. the graft obtained from the docteame was rspteced lay the laf* own sWn tto 

Example? 

Implentattan of the biomaterial stbslftulion tor musde in aflognlt 

The sidn tissue of one dochizame in Exanple 1 is disserted by using a saw. and a suitalsle si^^ 
is a«irpated«flth the toiifa The tissue w 8^ 

30 *«t»n«<« "Plantation, the frozen tissue was tte 

from the washed tssue bactena were deleted by washing in the sterTized saline containing SO VML of SWomaria Altar 
thslreatmeiftt^ 

sama as exanplo 3. 

from tn e impiantafioa the grafts from dochizafna was replacad by the dogs' own timifls 
Exanple 8 
30 Preparation of the aftndalcarlOage 

1^1^^*^ ^""^^ {CaCOHy sob/lion was prepared as ths same as Exairple 4. On me other hand, 

hyaluroni c add w hich weigm is fw% of thm of hydroxy^ 

coflagen-phosphate sotutian prepared sMIarfy to that in Example 4 to obtain oollagen-phoephate mixed solution. 
ss The aqueous calctum hydrcaode solution was then stined vigorously, and the nixed sdulion was added dowfy at 
roofmenpoature to prepare aqueous suspend 
Then.theprecipitateswerefateredtolyophiIi^ 

This preapitate was charged into a metal wear. Then the air in the wear was purg^ 
the neck was welded to sinter 200 MPa at about 40 *C fbr dbout 8 houfs. 
40 The arllfidal cartilage of w«ch size is 22mm in diameter X 50 mm h length. 

Example 9 

Implantation of the artificial cartilage of the present invenfon 

46 

A hole made in femoral musde of the large adult dog(Qemian shepherd; male; body weight 30 hg) . The arti- 
ffcial camiaga obtained In Exanple 9. which was treated similarly to that done in Exanple 6. was inplanted sito the 
hole. 



so 



No refe^wM observed, and oasiffc^ 

IS suggested that the artificial cartlage would function as the cart^^ 

P"^®^ invention, biomedical materials conprising an extract ftam Chondrichihyes which are 
appficatteto««Walb^ 

panng these faramedical materials are provided. 

The artTidal bone of the invention is obtained by stntering collagen together with hydroxyapatite under an ultrahigh 

pr«ajre at a low temperature In the presence of water. Thus, it has suffW 

^^f^^^' ^ biocompatible When the anffidal bone of the Invention further comprves hyaluronic 

aod and^or chondroitin sulfate, excellent lubricity is conferred on the artificial bona Since the artificial bone or cartilage 
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ofth9 liwwillOT has aeoiposa^ 
go88 rofnodwiiifl. 

Thewwd cwttid artiici^ cowfxw ChoncWtthy»<toiv«d ctOagm having no antigenic- 

ity and b^ng Wj^ily bioco^^ ^ed Furtharmora, 

sinca they are also superior to oonvantional coilagen in mechanicai ataigtti. they are haid tD taer. good fer gMy 
adhering and capable d Mownng the nvNemem of a joi^ 

Accordingly, the bionnedcat matariala ol ttio invention are suiMble tor uae n ttie case dt a severe bm, partial 
remoi^ 

mecficai materials of the invention have an advantage th«l«iey do nrt 

cured. 

The biomedical matarrals of the invention comprising a shark-derived coOagen to capable of UV sterifizatioa high 
pressure stenlizalion and the fike after final shaping. 

Claims 



1. A biomedcel material comprising an artM or an extirpated piece fh^ 

2. The biomedical rnatarial of datml, wherein the odiact is ootlagm^ 

3. The biomedicai material of daim 1 , vMherein the s xt ir p ai Md piece is skin, muscular, and cartilage tissue. 

4. The biomedical fiiaterial of daim lor 2. whk^iirtierconv^ 

5. Thebfomedicalm«erialofdaimlor2.whichfirtieroonprisesoneormoreconp^^ 
consisting of hyaluronic add. chondroitn stdfitB, amino acxls and nudeic add^ 

6. A method Ibr preparing the biomedical material of daim 1 or 2. oonprtoing sh93^ 
Chondrichthyes into a sheet film or yam. 



7. A method tor preparing the biomedical mrterial of daim4or 5, comprising mix^ 
dridithyes with tqrdrDxyopalile and sirteri^ 
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